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RESEARCH IN FOUNDATION GROUTING WITH CEMENT

By Thomas B. Kennedy




SUMFARY

lumerous investigations involving ..enent grouting of foundations have
been coniuctel since the first large-scale gronting attempt in 191C, Modified
cements, mixtures of cement ani a.li’ives or replacement materials, and pro-
jer proportioning of grout irgredients have been Jdevelopei for various pro-
Jects as needel. Since the grouting requirements of each job differ, no
ali-rurpose grout or grouting method has been established. However, results
of the laboratory and field tests described in this papver show the’ advantages
«iid disadvantages of cement grout incorrorating aimixtures, of varying water-
cenent. ratios, and of varying graaing and fineness of grout ingredients. In
addition, grouting techniques, grouting pressures, and types of equipment
utilized in these tests are described.
3uggestions for future research in cement grouting from englineers ex-~
lerienced in this field included investigations for:
1. Controlling the setting time of cement slurries and cement
mixtures.
Tracing grout in pervious formations.
Improving mixer and other equipment efficiency.
Grouting fine fissures.
Studying the characteristics of grout incorporating new

replacement materials or additives.

Exploring more thoroughly the foundations to be grouted.




RESEARCE I FQU'DATIO' GROUTING WITH CEME!'T

Thomas B. Kennely%
PAR? I: I:TRODUCTION

Fountation grouting i~ usel primerily in the treatment of rock formations
and, tc a lesser extent, for soil, sand, or sani and gravel formetions. The ,
over-all rlan for a grout treatrent is geverned by the requirements of the
particuler structure; however, the primars requisite for any treatment is trat
the grout mortar readily ani soli.ly fi11 the arcas to be groutel and perma-
nently retain its original volume. Jtandard grouting techniques often must
be modified to meet existing conditions, and selection of proper materials,
equiprent, jressures, and techniques, as well as close contrcl of proportion-
ing of the ingreiients of the grout, ietermine the success of 2 grouting job.
07 course, a thorough knowledge of the fcundation characteristics is a pre-
requisite to intelligent design of a grout treatment.

As 2 result of the diversity of problems that have been encountered in
groutirg work, nurerous materisls, mixes, techniques, anl equipment have been
leveloped. This paper presents a review of the literature relating to these

developments.,

% Chief, Concrete Division, U. 3. Army Engineer Waterways Experiment Station,
Corps of Engineers, Vicksburg, Fississippi. .
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PART II: RESEARCH Ii! CONJUNCTIOX WITH
SPECIFIC COXSTIUCTION PROJECTS

Early Investigstions 2t Estacada Dam

The large~scale treatment of & foundaiion by grouting was first at-

tempted in 1910 in the cutoff for the Estacala Dam.l® The job required

much experimenting, and although the grouting was consiiersd unsuccessful,
considerable knowledge was gainel from the experience; it may be summed up
as follows:
. Al drilling, testing, and grouting shculd be :one through
casings set in the corcrete cutoflf.
All testing shouli be performed fron elevatel tanks and not
by pump.
Each hole shouli be tested and grouted as socn as drilled,
then the drills kspt awzy from the probable zone of diffusion
for a few days. !
In grouting, especially at high pressures, it is besi to close
the valve before the tank is entirely empty Lo prevert the eir
from following the grout into the hole.
A comparatively thin mixture sheuld be used to begin grouting
and, if taken freely, thickened until each succeeding baich
requires either an increased discharge time or increusel pressure.
The forcing cf charge after charge of thin grout intec a hele pro-
bably is a waste of cement.
The experience at Estacada indicated that grouting should nct be relied

on in lieu of the usual concrete cutoff, for two reasms:

¥ Raised numbers refer to similarly numbered references at the end of the
text.




1. The efficiency of grout as a cubhain wall cannot be preiicted.
2. The proper diffusion of the grout can be secured only when the
concrete of the cutceff closes the surface seams and confines the
rressure to a depth at which it may be effective in tightening

the unierlying material.

Investirations at. Hoover Dam

Initial work
In an article published in ACI Proceedings in 1933, Steeie? cutlined a
prograsz of investigations to obtain information for use in contraction-joint
grouting at loover Dam. A review of contraction-joint grouting experiments
was &130 incluiei. The investisations were conlucted in the Denver laboratories
of the 3ureau of Reclamation ani involved experiments with fineness of the
cement, water-cement ratio of the groui, wiith of contraction-joint opening,
grout pressure within the joint, and shearing strength of the grout fiim.
For the investigations, & split cylinder of mass concrete, 5 ft in diameter
and 7 £t high, cast to simulate a contraction joint in a dam,'was so cor-
structed that the thickness of grout film cowld dbe easily ani accurately
controiled. Although the laboratory tests were concernei with contraction-
joint grouting, the foilowing tesults are also pertinent to foundation
grouting:
1. To obtain satisfactory flow in grouting a contraction joint,
the cement should be passed through a 200-mesh sieve irmeiiately
before the grout is mixed.
2. TFor cracks of the order of 0.05 in., a grout in which the ratio

of water to cement is 0.75 by volure gives the rost desirable




fili.. A water-cement ratio of 1.0 contains too much free
water that cannct be forced into the concrete or otherwise
dissipated,
Joint pressure of 9C per cent efficiency and joint coverage
of 99 per cent are easily obtained with a grout having a
water-cement ratic cf 0,75, and with a film thickress of the
order of ¢,125 in,
Shear tests on grout films fog-cured at 70 F for 28 Jjays deron-
stratel that increasing the pressure within the joini immediiatel;
after it is filled does rot appreciably increzsc the chearing
value of grout films of equal initial water-cemeri ratic.
with an apparatus usei for letermining purchirg shear, an average
shearing value at 28 days age of films fog-cured at 70 F was
90 psi.

Hoover Dam (formerly Soulder Dam) was conmpleted in 1930 and, on the

basis of a great ieal of esjerience obtainel at this project, Minear and

Jones>?? reportei -ertain conclusions as to the best materials, equipment,

anl procedure for grouting projects of a similar nature. Some of these are
as follows:
1. Grout shouli be irjected by pumping and not by corprecsed air,
#{xers should be proviled with meters for controlling the amount

of mixing water. (Grout equipuent developed for this project

A

consisted of a grout mixer, a mechanically agitated pump, and

fi

two high-pressure siudge pumps.}
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2, The wvater-cement raltio, pressure, an! rate of pumping should

be cocrdinated by "feeling cut' the hole to be groutel.

3. Pumping speed should be coutrolled by manipulaticn of the water-

cement ratio. VYhen the speed falls below norral, the water-

cement ratio shouli be increzsed proportionstel; and vice versa.

4, Heat portland-cement grout is probazbly che best all~jurpese grout

and was used almost exclusively on the Foover (Soulder) project

since a sanded mixture proved undesirable because of its effect

on the pumps as well as the difficulty ol holding the sand ir

suspension,

5. While the use of exira finely ground cement is essential in

cortraction-joint grouting, it is of secoundary importance in

rock grouting.

Use of special cements and additives

Additional grouting at Hoover Dam "1g the period from 1938 to 1947

required further investigation of grout m .tures and techniGues. GSlmonds

and Boggess® iiscussed this program of construction which Incude: the grout-

ing of feoundaiions and abutments, and 2xtension of the drainage systen, During

the initial filling of the reservcir, particulerly in 1937 and 1938, excessive

seepage intc the penstock tumnels Jjeveloped and water from the foundaticn

37sten entered the galleries of the dam in excessive quantities at certain

localities. Largs {lows ¢f celd water were iischarged frorn several drainms,

ani hot aikaline water iripre.i through cracks in the concrete liuing of sorme

of the penstock tunnels ani 3amaged the paint ani metal work. The uplift

pressure on the base of the dam hail increased by 1937 o uniesirslle magnituices
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in certain areas. Consequently, the purposes of the aliitional grouting were

IRBA

ito reduce this uplift pressure and seepage through the abwments. The grout-

ing treatiient describel in the following paragraphs proved successful for

these purposes.

The use of special cements for grcuting the cricks leaking the hot

alkaline waters, vhich cccurred in warm spring areas, was investigatel,

Flash sets occurred with portiand cement, and the grout pumps woulli stall

-~ x

~o that no grout was force? into the {oun.ation as the pumping pressur

T

B built up. It was theorized that the flash sets were iue to the high
te~perature of the alkaline water, the insufficient flushing of grout holes
+ith coll water before the grouting began, or the contact of the cement

with the zlkaline waters., The first special cement triel wes an cil-well-
tpe greuting cerent which ha: been used successfully to grout areas in
whick hot zalt water hald been encountered. The oil-well cerent was found to
possess so: e desirable characteristics for grouting but was not completely
~atizfactery beczuse it conteined some unground clinker (Mspitzers™) which
hai a2 tendency to settle out when thin nixes were usedi. JSeveral cements
were zlso triel iuring the program of a.lditional grouting but did not give

~atisfactors results. Fl:7 ash was triei vith modified cement but produced

nc raterial advantage. At that time, the stafl cf the Concrete Laboratory

in the Chief Engineer's ofice ha. been experimenting with modified cerents
:ni retariers in an effort to .uplicate the characteristics ¢l the oil-well
cement. It vas founld that the aliition of srall anounts of & correercial

retarder > modifie? (si-ilar to present type II) cement resulted in a pro-

ST UAMANARNG SA AL

duct that hal characteristics sirilar to cil-vell cement ani was »cre {inely




The retarder was composel of 87-1/2 per cent calciuz salt of
ignin sulphonic 2cid ani 12-1/2 per cent triethanclamine. Experizents
with the retarder at "oover Da- proiuced teneficial results in the grout-

ias Tix ver cent sclution ani added to the
proportion of one poun! of retar.er to
i sacks of & cement. Fiel: tests inlicated that it was possible
tc inject more cement into the founiation by using modifie.l cement with
retarier than by using eithor oil-well cerment or modified cement without
Retarier wes used with modifie:i cenment in the grouting until
when the grouting ha. reached the areas of cold grouni water ani

the retarier was not neelel.

ect of water-cenent ratic

E:perience hai shown that grout having a water—cerent ratioc less than
3:1 br volure coull not be injectei at pressures greater than 450 psi with-
cut risking the rlugging of the hole being grouted. Thinner grout mizes
<ere r:re cuccessful for squeezing cff seepage through the anlesitic founda-
ticn reck. At the beginning of the program of aiditional grouting, the
water-cement ratio of the greut mix varied from 7:1 to 3:1 by volume.
Thinner grout mixes were usei mere frequently as the work progresse.; the
nost generally used ratios varied from 10:1 to 4:1, In fairl; tight water-
bearing rock, many holes were g”uiie. with mives having water-coment ratics

15:1, an an' unless surface leaks developei, grout thicker

was rarel;” used. Thin mixces injected at pressures of 500 psi or

sreater formed excellent grout films.

Grouting procelure

A ssstematic procedure of stage srouting was used at ioover Dam, In




wreas where opLen seams were crossed, as determined by the flow of water
into the hole, it was custonary to drill slightly bevoni the seam ant then
grout it. After the grout had set for 16 hours, the harlenei grout was
drilled from the hole. The condition of the grout ietermined the type of

bit to be usel in cleaning out the hole. To save the Jiamonl bits whenever

possible, "stoodite" saw-toothed blts were usei. In holes where flows of
water of 200 to 400 gallons per minute were encountered, a satisfactory,
cup, washer-type packer and a method for inserting it against large flows
of water were develope:d., In areas where warm water was encountered, in-
jection of fairly large quantities of cold water into the grout holes for
several hours before the start of grouting was found to t: beneficial in

retarding the time of se® of the cement in the grout.

Stuiies of Grout Mixtures at Chief Joseph Dam

In January 195G, Wells® described an experimental grouting investiga-

tion for Chief Joseph Dam, in which a meth~d of grouting for the contro! of

WP e b

seepage into the excavation areas of the right abutment wes stulled., The
program involved development of: (1) a grouting mixture capable of pene-
trating the materials of the pervious formation, (2) an econumical methed
of irilling a large anwaber of holes in the gravel, (3) a procedure for
introducing the grout mixture into the pervious material; and the determina-
tion of the efficacy of the grouting. Both laboratory ani fiell studies were
made.,

Information on the formation of the right abutment materials prior to

the grouting experiment raised a question ac to whether cerent grout would




fhave the necessary penetrating qualities., Accordingly, several grout mix~

f tures using bentonite, silt, plaster of Paris, asphalt emulsion, etz. weré

“,ﬂ leveloped in the laboratory,

[ Field experience

In the initial lield trials, the portlandi-cement grout appeared to

E be penetrating the formation at Chi:zf Joseph Dam successfully, consequently

it ¥as used in the grouting program cather than the grout mixzes with the

other materials nmentioned.

Several weeks were spent in atterrts to jut pipes into the gravel forma-

tion but all attempts failed., A heavy churn drill rig was finally used suc-

cessfully but progress was limitsd to about 10 It per shift. The use of a

well-graded saniy gravel (~3/4 in.) for back-filiing drill holes around the

grout pipes was very effsctive In preventing grout {rom flowing wp the out-

side of the groutjipe casing.

A test pit was excavated in tae grouted arca and showed that the gravel

was well sealed and sffectively grouted fram a depthi of 23 't Lo 52 It where

bedrcck was encountered. Areas of exccssive leakage occurred in the uprer

zune whers very little attempt had been maie Lo groul and at bedrock where

cracks and fissures were not ss2aled, The following was considered an

effective grouting procedure: (1) grouting from bedrock up using 5-ft

stages, (2) alternating between grout holes, and (3) using an initial mix of

one part cement to {ive parts water with gradual thickening until a pressure

ol

i

of 150 psi was obtained. A grout-hole spacing of 7.5 ft produced an effective

seal and results indicated that a greeter spacing could be useda. licwaver,

A A

because of the excessive estimated cost for a grout curtadn, the grouting

A

scheme was abandoned in favor of an alternate plan yroviiing {or seepage control.

aiditdaad
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Foundation Grouting at the Savannah River Project

In 1932 Johnson7

reported on foundation grouting operations at the
Savannah River Plant of the Atomic Energy Commission. The Atoric Energy
Comnission, the Du Pont Company, ani the Corps of Engineers hal collabcrated
in the geological anl foundation exploration program for the 3avannah River
Plant ani after careful stuly of the geclogical rejort it was conclude! that
founiation coniitions werec, in some respects, unusual and that grouting would
bz required beneath some of the structures.

The presence of sinks, due to solution of calcarecus smaterials, throug!-
out the plant area caused consilerable concern for the fcuniation stability,
anl a founlation-grouting progran was proposed. A limitel number of labora-
tory tests were made at the Vaterways Experiment Station, Corps of Engineers,
to Jetermine the most suitable grout mixtures. Then a small-sczle grouting
test was nalde at the plant site to determine if the grout mi«ture proposed
for use could be pumped satisfactoril; or would segregate e:cessively. The
test indicatel that the founlation would take freely the grout pumpe! into
it. The foundation soils at the plant site consiste! of sanis anl mixtures
of clay and sani. Under normal circumstances, soils of these types cannot
be groutedi, even with a grout consisting of cement and water, an’ woull never
be consiierel capable of receiving a grout consisting of sand, cerent, and

water. But the highly unusual conlition, i.e., solution of the calcareous

material in the zone beneath the plant, made it possible ani necessary to

grout, The grouting program accomplishel the objectives desirel and, in

general, worked out as anticipated, although consilerably rmore grouting was




required than hal been expected. The various grout mixtures testel in the
i ‘aboratory, incluiing the mixcture used, are iescribel in the following
. paragraphs.

In the laboratory, various proposel grout mixtures were testei for
tendency toward sepregation and general workability of the mix, A few
E unconfined compression tests were performed to letermine if the samples:
hal aiequate strenasth. It was considerel unnecessary for the grout to have
great strength, or that its rigliit; should greatly exceed that of the
natural ground.

Trial batches of grout were prepared using 8 cu ft of sand, 25 1b of
bentonite, cement varying from 1 to 1-1/2 bags per batch, and water varying
from 4 to 10 cu ft per batch., Other test batches were ma.e up using the
same proportions but substituting 1-1/2 cu ft of fly ash plus 2-1/2 1b of
a water-reducing, expansive admixture for the bentonite. Tests indicated
that the mix consisting of the 8 cu ft of sand, 1 cu ft of cement, 23 1lb
of bentonite, ani & cu ft of water appeare.i satisfactory and it was usel
for the initial field tests. However, it was udlscovered that this mix set
up too slowly, was weaker than considered desirable, an: was too soft for
testing the day after placing. A more sultable mix was obtained by increas-
ing the portland cement to 1-1/2 cu ft and decreasing the water from 8 to
6 cu ft. The mixes consisting of sanl, cement, almixture, and fly ash did
not appear to possess any a.ivantages over the latter sand-cenent-bentonite
grout. Therefore, after consideration of the availability of materials and

cost, it was decided to use the sand-cement-bentonite grout in the fleld-

grouting cperations.
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Other luboratory tests consistel of substituting slag cement for

R

50 per cent of the portlani cement in the standard mix and ietermining

unconfinei compressive strength on the resuiting mixes. These mixes rhowed

a tenlency for a lower compressive strength at the early age<, but afver

7 Jdays, the strength was equal to or higher than that of the standard mix

containing all portland cement.

A

Two series of tests were made with aluminum powder aidel to the grout

rixture. In the first series, 4 g ¢f aluminum powder was auided to a batch

of grout, and in the second series, 8 g was added. Compression tests re-
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vealed that the strength was not affected to any significant iegree by the

aldition of aluminum powder. Tests were also male of the aluminum-powder

i

T

1mx to determine shrinkage and expansion characteristics. After 24 hours

the plain 71 . had contractel 2.3 per cent of its original volume (980 cc)

ani the @°v u. ~powder grout had expandei 4.3 per cent and further expansion %g
was indiea’.-. .2 addition of the aluminum powler hai no significant effect
on segregation. 7

Unconfined compression tests were made with sawiust alded to the normal %;
grout rix in the proportions of 3, 5, 8, and 10 per cent by weight. The saw- =

dust was coarse pine material, alr-dried, and was mived with the grout as it

came frem the field rixers. The compressive strengths of the sawilust mixes

were substantially lower than those of the standari grout mixes. However, a

comparison of test .lata using the relation previously establishe.l between

strength and water content indicated that the results of tests with sawlust

nixes agreed with those of the plain grout for comparable water contents.

h
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Use of Rock Flour at Norris Dam

In describing the foundation treatment of Norris Dam during the

construction periol of 1933 tu 193¢, Lewis" reported the results of some

laboratory grout tests supplerented by alditional investipations in the

e A

s

fiell. Preliminary field tests were made to determine the suitability of

rock-{lour mixtures for grouting., The results indicated that grout consist-

ing of equal parts of cement and rock flour and a water-cement ratio of 1.0

was rore iesirable than plain cement grout because it penetratei the cracks

better ani Jdid not set up in the pipeline during pumping. The rock flour

was finer than the cement and definitely had a retarding effect upon time

of set of the mixture. However, the use of a slow setting material such as

cock flour increased the uistance traveled by the grout fluid so that areas

co pletely outside of the reglon that needed treatment were grouted anl the

Quantity of materlal used was increased appreciably. In order to reduce

unnecessary consumption of material, tests were made to determine the effect

on setting time of adling calcium chloride (CaCls) to the grout. The

acceleration of set caused by the addition of 3 per cent CaCl2 by weight of

the cenent to a markel extent counteracted the retardation caused by the

rock flour. The resulting product possessed purplng and handling character-

istics similar to those of regular portlani-cement grout. Comprassive tests

on specimens removed from the mixer in the field showed that the product was

sufficiently strong and would be able to resist erosion, Specimens corel

from grout-filled seams after the rim grouting was under way éxkibited a

compressive strength of 2000 psi at approximately 45 days.




The rock flour used in these mixes containei a quantity of fine clay

¢ lunps that failed to disintegrate in the course of mixing. After some ex-

L rerizenting, it was found that a satisfactory method of breaking down these

B lunps was by use of a separate, mechanically agitated mixer from which the
rock flour passed as a slurry through a screen to the grout mixer. The
rock-flour mixer was similar tc that used for the grout and was driven by
the same type of air motor, but had cne compdrtment instead of two.

During the preliminary grouting for sealing the first cofferdam, an
attempt was made to economize by mixing sard with the grout. The experiment
£ was unsuccessful as the pump and lines were plugged solid. Cores of the sand
grout later removei from nearhy hole. showed a tendency toward segregation;

[ the material was lean and crumbly and generally of poor quality. Lewis
stated that he felt it would be unwise to attempt the use of sand for grout-
ing seams in a fcundation that woull be subjected to more than a very

roderate head.

Cement Grout with Asyhalt Emulsion

ks a result of a cooperative research and field testing program unler-
taken in 1941 by the Texas Company and the Atchison, Topeka, and Santa Fe
Railway, and reporteld in 1946 by Thurstcn,g it was discoverel that in road-
bed stabilization the addition of emulsifiel asphalt Lo the grouting mixture
improved its penetrating ani sealing properties and permitted the use of
grout iixtures containing less portland cement. The standard emulsified
asphalt originally used set too slowly, &d a quicker-setlting emy]sion was

developed by ad:ding small a ounts of chemicals o facilitate mixing with

e A T R T




the cement and sand, to cenirol the setting time, ani to minirize the
wount 2f feaming anl settlsment. This emulsion was mest successful in

irproving stabl’izaticn, “owering costs, and expediting grouting work.

arout containing the quick-cetting asphalt can be injectel by sither
rnew.atic or hydraulis pressure. Both methols have their . dvantages and
beth have been usel zsuccessfully. 3oil conditions determine the correct
greuting miture to be usels The fcllowing recommended limits allew "eeway
tor all types of conditions:

Mixture Parts bs Weight Parts by Vclume

Portland cement 1

Esulsified asphalt per cu ft of sand (.3 to 1.0 gal

Yater per cu ft of dry mix +e5 to 3 gal

A veey fine "blow" sand was found to he the most sultable for the grout

ricture. Such a sand, of vhich zbout 9 per cent will pass through a ir-mesh
sieve ani about 20 per cent through a l0C-mesh sieve, punps -wst easily,

causes the least wear on the pwsping equipment, ani flows most reaiily into

the voids., When sand is noct ideally graled in particle sizes, the addition

of {1y ash at the rate of 3 to 12 1b per cu ft of other dry materials

irproves pumpability.

R AN A

Grouting Ligrite Seams at Garrisen Dam

Exgerimenval geout studies ' were conducted in July 1948 on the ligrite

-

.eams in the Fort Union formation at Garrison Dam. The tests ‘ere maie in

the poweriouse area as it was considered the most suitable for subsequent

AT 2R SO S A AR

excavation to obierve and study the effectiveness of the grout pattern, To

determine the feasibility of grouling the lignites, the "cllowing problens

were expiored:




1. Methois of grouting.

2. Grouting pressures.

3. Water-cemsnt ratios.

4. The rost effective and economical quantitr of grout for each
holes

5. Spacing of holes,

6. 3ize of holes.

E The packer use! for most of the tests seems to have been unusual. It was

B eveloped from soft rubber hose, had an outsile diameter of 3-1/4 in. an.
f «n insile Jiameter of 2-1/1! in., and was cut in lengths of about 2-1/2 ft
f for these particular tests., The packer was assembled onte a packer ccupling
¥ end; the upper coupling was mcvable tc allow the packer to expani against
) :the bore of the hole without exerting an undue strain on the packer raterial
,;'at the coupling. Metal straps were usel to fasten the packer to the cougplings;
rlghcwever, it was necessary to rla:e tapre unler the straps to prevent cutting
 of the rubbter by the straps. The expansion of the packer against the si ies
:f,ef the hole in the soft Fort Union formation was best obtaine! and raintained
N through the use of water insteal of air as the expaniing force.
The following pertinent conclusions were ierived frewn the tests:
1. The 4= and 7.35-{t-thick lignite beis in the powerhouse area of
the west abutrent of Garrison Dam can reaiilv be groutei.
2. These lignite beds can be groutel at ore time cr separately.
3. Either the "full=iepth" or "stop" method of grouting was
satisfactory.
4. Water-cement ratios ranging from an initial 1.5 to L to UL.7

te 1 appeared to be the most satisfactory in the te't area,

ARSI
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5; The rubber packer performed satisfactorily with water rressure
sed as the expanding force,
6. A pressure differential of 25 psi on the packer was satisfactory.
The grouted lignites we:e cxaminei in excavations made for the purpose
stulring the joint patterns anl the success cof the grouting.ll The
exarninations indicated that:
~e 3oth the !- and 7.5-ft-thick lignites were regadily grouted and
it was assumed that other lignites in the same area couldi also
be successfully grouted.

The stop method, instead of the full-depth method, should be

R

used in grouting the liénites in this area because there was
almcst no grout in the 4-ft-thick bed vhere the full-iepth
method had been used.

The use of a packer made it possible to obtain more accurate

information on the horizon to be grouted and to accompiish

better washing of the bed during pressure-testing.

A spacing of 20 ft weuld prove satisfactory in obtaining an
overlap grout pattern, provided the stop method of éreuting is
use:d,

Horizontal bedding rlanes or joints serve as grout channels.
The pattern and continuit;y between the vertical and horizontal
Joints were excellent.

On the basis of the numbar of joints observed per unit area on
the surface of the two lignites, the percentage of volis was
calculated as approximately (.8 per cent. Prior to ani during

the testing program, it vas assumed that the percentage of voils

in the lignites was C.5 per cent.




7. The relative ease with which these lignites were test-grouted

iniicated that high pressures ani thin grout rnixes wouli ob-

viously be inepplicable andi wouli result in an uneconomical

use of grout by forcing it leng distances on ezch side of the

curtain.

Grout for StaLilizing Soft Soi’s, San Francisco 3ary

An investigationlg concerned with the feasibility of ri.dng portlani-

cerent grout in place with soft soils to form a stable ;mass wes coniuctel

by Intrusion-Prepakt, Inc., under the .ircction of the U. 5. haval Civil

tngineering Research anl Bvaluation Laboratory. The research inclulei both

.aborator; ani field stuiies of methods of mixing with special erphasis on

their zpplicability to naval construction, particularly in water-front founia-

tion problems. In the laboratory tests, woolen bores were fillel with various
=5 soft soils, and various :dxing heads were used in grouting the soils. When
the soil in a box hai been groutel ani attained its set, the box sides were
;A rerovel for examination ani sampling of the soil. Grouting —aterials use.
were staniard portland cement type I, {17 ash, a water-reducing, expaniing

- grouting aid, uniform clean sand, and water. To provide a measure of the

W

A

effectiveness of the grouting, the following control tests were performed on

the groutel soil: (1) strength (incluling compression cubes ani tensiie

[
[,

brinuetz), (2) composition, and (3) wiscellancous such as .etermination of

soil properties. Greut-line pressure messurerents were also made,

The field tests were performed in natural mud deposits at San Francisco

iaval Shipyard, Hunters Point, on the west side of San Francisco Bay. The




methcl consisted primarily of rixing grout into the soil by mu while

f the soil was in place. This was accomplished by employing an - iger or

L ~ixing blale with grout outlet ports in the lower end, amd witn ho .

- shaft. As the auger advanced into the soil, a contrclled qQuantity of

E greut was purpeld through the hollow shaft and iistributei through the out-
let port~. Thus a coluun of grouted earth was createi. A light core-irill
;apparatus, with a blale-t;pe rixdng head substitutel for the usual Bit, ¥as
used to accomplish the work,

It was concluded from the study that the preccess of rmixing grout in
rlace with soft soils to form structural elements (such as piles) is feasible
within lizits, but is rore aiaptable to rep-ir jobs ani small-scale construction
than to large permanent works. Dy exercising proper contrel over mixing pro-
cejures, greut type and quantity, and by making shallow trial units, a "pile"

atisfactorily uniform cross section can be prcduced to a lepth of at least
10 ft in very soft scils. The depth is limitel by the power of the equipnent
available ani by the soil which must have very low shear strength ani be
saturated. Specific conclusicns derivei from the investigation were:
The uniformity of grouting depended largely upon quantity of
grout introduced, type of mixing heal used, ani the number of
heal revolutions per lineal foot. Usually the center portion
of the unit was richer in grout than the oulside pcrticn ani
the grout did not permeate appreciably beyond the diameter of
ths mixing head.

The strength of the field nixes was erratic ani couli not T

predicted accurately from laboratory mixes using the sare

. quantities of the same materials.




I
it

It iid nol appear feasible to use less than 35 per cent grout
in the field mixes and the tensile strengths of the soil-
grout mixes were very low.

4. The grouts contezining fly acsh ani the groutlng audzture

! m};‘ F AR Aol mwmwmmmmmwmu AWWW
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nffzred advantages cver neat-cement grouts from the stand- =
voint of strength and pumpsbhilit:.

5. The most suitable nmixing heal feor placing soil grout vnits wes
focund to de the individual blads {ype as contrasied with the
continuous auges tlve. Advantages of this methed of grouting
are the low overhead clearance requirsd for placing and the

relatively light equipment used in &h= cop2ration as compared

with cornventional pile~driving equipment.

- + k12 . * N .
Grour for Mixe.-ir~l:_-o=

1- .
2. R. Colle™ A reportei an investizaticn uniertaken for the Lepartment

el Forests ani Water Division of Floold Contrei, Cemrorwealth of Pennsylvania

s5 am

to ietermine the feasibilily of using piling formed by nizing grcvt in place

= |

b: use of an auser with the scil, sand, ari gravel cn the river zide of the

concrete floodwall of the Lackawanna River at 3cranton, Peansylwvaria, tc
~tabi’ize and protect the wall.

s~

ix 20-in, diameter test piling 16 £t Zong intc the under ying si‘t

and sanl! were made in groups of threes each so spaced as to overlap each
other. The presence of boulders to a depth of sevan 45 nine fegt made it
necessary to excavate the test area to that depth ani back-fil with river

bed paterial from near the site. In the first group of three the greout
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proportions were 3 tags of cewent, 1 bag of miner .. filler, 1 per cent
chemical aid by we2ight of cezent ani 17 gal of water. In the second group
of three the proportions were 2 cezent to 1 filler plus 1 per cent aid and
15 gal of water. Thirty, 40, and 30 per ceni groui was used in piles 1, 2,
and 3, repeated in piles 4, 5, and 6, respsctively.

After 28 days diamond cores were reaoved from the tesi piling drillel
into the poriion of each pilinys made from the grout mixed with the silt
underlying the backfilled area. Strengths ranged from about 700 to 1630 psi.
Pifty par cent groui was requirel to produce the higher strengths. Althoush
the desired compressive strengths of 250C and 3000 psi were not ottained, it
was the opinion of the reporting engineer ithat higher sirenpth than that
iniicated could be realized by allowing for the overlapping of the piling ani
using larger diameter than the 4.8-in. cores testei. It was the Colle's
opinion that a miced-in-place pile wall was a practical application for insur-
ingz statiliy of the floodwall ani preveat loss of foundation materizl frou:

unier it,

Grout for Mixed-in-Place Cuioff Wall

-i)"\
LD

Another investigation was reporied oy Colle?B aje for the purpose of
determining whether or not the mited-in-placs pile technique could be uszi to
form an impervious core wall in proposed levee construction for flood conirol
in Strowisburg and East Strowisburz, Pennsylvania.

Six laboratory mixtures gave promise of fulfilling the requirements of

satisfactory cutoff. The parts by weight of the basic grout for three =i<tures

1 cement:0.4 mineral filler:0.28 bentonite:l.78 water:C.0141 chemical aii.

AT ey i
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The parts by Welght for the basic grout for the other three mixtures con-

tained no bentonits and was as follows: 1 cement:0.3Y mineral filler:0.57
water:0.0139 chemical aid. Bach grout mixture was then . _xed with 30, 40,
and 50 per cent soil by volume from the test project site and small cylinders

and beams were made for comprassive and flexural streneth, deflection, modulus

of elasticity, permeability, and setting time. Little difference was noted

in the deflection at rupture between the specimens with and without bentonite.
Permeability of specimens with both grouts approached that of ronventional
concrele. 3trength of the bentonite-grout specimens, 330-500 psi at 28 days,
was consideraply less than the neat-grout specimens 3530-4600 psi, but since

flexibility and watertightness were considered more important than strength

< MR it was decided to try the cheaper grout containing 20 per cent bentonite for

W

the mixed-in-place test piles to form the impervious core wall as well as the

é‘ "~ BB prout without ber’onite. Five piles with 20 per cent bentonite and eight
without were made. Two piles apart from each other contained bentonite, 6ne

m apart from the others was without bentonite, Three piles were made on l4-in.
centers with bentonite, two on l4-in. centers without benionite, and five on
12~in. centers without Lentonite. All piles were 15 in. in dlameter.

Difficulty was experienced in attempiing to extract cores from the test

piles because of the oversized pebbles in the piles and because of the tendency

of the pgrout with bentonite to crﬁmble. The sirength of the cores without

i)

T

bentonite at 29 days age was 1600-1800 psi and with bentonite 150-180 psi,

A‘, The recommendation of the engincer was to use grout with 20 per cent

¢ - B bentonite and to excavate along the line of the cuteff to remove troublesome

boulders and backfill prior to making the cutoff with material with top size

not exceeding 4 in.
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Use of Lwwnite Cement

An informational folder!d entitled Lumnite, issued in 1950, listed many
uses and characteristics of calciun-aluminate cement, which might prove of
value in some phases of groutinz. Thes booklet does no* treat of ressarch,
hut it does contain information that might be found useful for special grout-
ing conditions; therefore,is “described here. Alwninous cement sets and
hardens when mixed with water anl can be sutjected to the full load for which
it is designed in less than 24 hours after placing. Some of the pertinent
special uses of aluminous ceiment are:

ls For grouting leaks where quick-hardening properties are hichly
advantageous, such as in work around dams, mines, and tunnels,
2. In industrial grouting, such as setting bLed plates for heavy
machinery and equipment.

‘e In quick-setting gunite amixtures.

When portland cement is mixed with aluminous cenent, the sei. is greatly
accelerated, frequently causing flash set. Such mixtures are not recommended
for ordinary consiruction work, but when placed with a cement, gun the

aludnous cement-portland cement mixt.;xres may solve difficult construction
proklems, In the cement gun, the water joins the cement at the nozzle of the
gun. Thus, flash-settine mixtures iay be ured since ths pneunatically-placed

mortar is in place before selting can occur. This method is convenient for

special conditions, such as shutting off water, sealing caissons, ani stopping

Seepage in rock seams.
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Olner Reviews of Groutina

A thorough review of equipment, materials, and procedures used in founda-
tion treatment is presented by Simonds, Lippold, and Keiml4 in a pui-lication
dated February 1950, The information contained in this paper is tased, for the
most parc, on experiences gained in grouting the foundations of 20 or rore
large dams., It is concerned with the application of neat~-cement grout, although
the use of other foundation grouting materials, such as asphalt, bLentonite, and
clay, is also discussed,

In an article published in October 1953, Clark! asserilel the fundanental
principles involved in grout penetration. Although no new research of cenent.

grouting is described, many conclusions are listed.

Use of Injection-Devices and Ultrafine Cement at Shaver Dam

- During the years 1945, 1947, and 1949, the Southern California Edison
Co., Los Angeles, Calif., conductéd experimental programs in grouting leakinr

construction joints at the company!s Shaver Dame A specially developad cenment

Wi

and equipment furnishsd by the Portland Cement Association were used in the

‘ i‘ugi -

work. Grouting successfully stopped some of the leakage but water was still

Y gfﬁf u

emitted by some of the very fine cracks. Three methods of grouting, none of

which was entirely successful, were tried in the experimentali program.

1. The hand-thrust method was tried in which gun seats anchored
astride the injection holes in the leaking construction joints,
and a rubber-tipped grout injestion gun were used. In this
method the heavy pressure required to obtain penetration ~ade it

difficult to maintain contact between the gun seals and the puns.




I

Holes were drilled in the construction joints and expansion
shields were placed in the holes. A specially made pipe con-

nected the hole with the pump, Fines produced by the drilling

S

could not be removed completely; consequently, ihe cracks were

bridged, causing grout refusal. .
3. A new injection device was used which proved to be the mosi suc-
cessful of the three methods of grouting tried. The device con-

sisted of a rubber-gasket-sealed plate with a hole in the center

over which a 3/8-in. pipe nipple was welded. The piate was

i ‘W' o mﬂmmmm‘ﬂ,w |lym‘ﬂm&mmw1 i

clamped over the injectlon hole by volts inzerted through the

i

plate into lead expansion shields placed in the dam face.

]

Grout used in this program was prepared from 0-40 micron fraction of

high-early-sirength portland cement. Ii was found ihal a grout mix of 4.0 to

5.0 water~cement ratio was required to penetrate some joints.

The High-Speed, Dual-Drum, Circulating~Type Mixer

R i

In Pebruary 1955, a repm't:L6 on ithe use of a high-speed, dual-drum,

circulating-type giout mixer at Folsoz Dam was issued by the Sacramento District,

WW Wm Nm‘ ol WWWJ

Corps of Engineers. The wachine is intended principally for mixing sortar grout

and is claimed to produce a more stable, fluid grout than the repular-spead

- W paddle-type mixer. Comparative tests made with this mixer ani a standard

ORIl o
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paddie~type rixer indicateu that mixing substantially equal could ve pro-

Wi

duced by conveniional mixers and methods if the normal mixing iims is increased

safficlently,

I T

The advantages of the high~speed mixer were swwmarized as follows:

I

1. Better 'nix.mg of the grout and grealer freedom from lumps are

30001

achisved,




SR

2. Mixer can ke at ground level., Cement can be taken directly from

back of truck with less lifting and handling.

Discharge can be pumped to some distance from and a little above

the mixer by its punp.

TaIH1 3 g
3

f é ; 4. The apparatus is highly wobile, compact, and flexitle.
. B 5. It is very easy to clean,
6. The miver mixes small batches, and is therefore betlsr adapted
to sensitive control of waler-cement ratio.
The following disadvantages of the high-speed mixer were reported:

1. Heats grout or water lefi in running mixer.

2, Is more expensive to buy and to maintain than conventioral mixers.

I

)

i

3. Requires a little more care in operation than a conventional

i
i

mixer, particularly in fast operstion.

i
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LaBORATORY RESEARCH IN USA

Bureau of Reclamation

Latoratory rescarth in grouting performed by the Bureau of Reclamation
was sumarized from their reportsl7‘26.

The Bureau of Reclamation has done a considerable amount rf invescigation
in the developrent and use of suitatle instrumentation to measure fluidity,
flowarility, or consistency of grouts. Instruments that have been tried are
the Standard 0il Company's oil well testing apparatus, a piano-wire torque
meter, an inclined pipe flow meter, shot-cell flow meter, a glass tube.and
funnel viscosineter, and the Stormer viscosimeter. Some grouts can be mea-
sured well in one type of apparatus but not in another. Sanded grouts, for
example, might noet be readily measured in some soris of viscosimeters, and the
torque meter might be found not sensitivg enough to measure slircht changes in
viscosity of very thin neat grouis.

The 0il well testing apparatus measured viscosity and mixing time by use
of a complicated procedure not suitable to ordinary grouting needs.

In attempting to obtain equipment suitable for measuring the consistency
of grout, the Bureau of Reclamation built a device, called a torque meter,
based on design and plans from Raymond E. Davist’. The torque meter was a
device wherein a turniable on which a pan of grout 2 in. deep and 7 in. in
Hiareter revolved, A pendulum weight in forn of a disc weighing about 23 1lb
with two crossed 1/8-in. round rods attached to the underneath was suspznded

from a 35-1/2-in. length of No. 18 music wire above the revolving pan. The

disc weight was graduated from 0 to 360 degiges. Provision was made for
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lowering the crossed rods attached to the disc into the revolving »~ .

grout, The moving grout imparted torque te the suspended assemily. The
thicker the consistency the greater the torque reaging.

Tests to develop further cquipment to measure flowability were made 8
was observed
where the lengih of tims/required to dissharge a fixed volume under low head

(16 in.) through a 7-ft length of 1/2-in. pipe inclined uvpward at 32°. This

~

approach was nct too successful and led to studies to develop the shot cell

]

and the glass tube viecosimeterld,

In developuent of the shot cell it was desired to obtain apparatus
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sensitive enough to delect small changes in the flowabiliiy or ability of thin

grout to penetrate restricted openings or penetrate a bed of granular materi-

alse The cell consisted of a transparent plastic tvbe containing a knowm

.tfm A .Mmmw

weight of steel shot, The length of time required for a known quantity of
grout to pass througnh the cell at a carefully controlled constant pressure pro-
vided a quantitative measurement of the flowability.

Tests of grout through the cell and through a viscosimeter made of small
diameter glass tubing with a constricted area caused by drawing in a lavora-
tory burner flame indicated that flowability and viscosity are closely r-
lated. Both were found to be suitable to indicate small differences in the
flow characteristies of cement-water slurries, The Stormer viscosimeter, a

piscs of commercial equipment, was found io be very suitai-le for measuring

the viscosity (consistency) of neas grouts?d, i
£
=

The Bureau has conducted considerable research into the effacts on the |
properiies of grouts of adding organic materials and mineral fillers to groulss %
£

The effects of passing cement through a colloid mill were observed. L
=
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The oil well cement used in grouting at the Boulder Canyon Project in
1943 had desirably long setting time with good early ani ultimate strength.zo

Its cost, however, was $1.00 per bbl more than that of modified cement from

the same mill.

It was felt that the addition of the correct admixture to the modified
cament might impart the Jdesirable properties of the oil well cement at
nominal coste. An investigation was made in the Denver laboratory of a comi-
pound containing 87-1/2 per cent calcium 1° mosulfonate and 12-1/2 per cent
triethanolamine. An oil well cement was used as a control and the additive
was used experimentally with modified cement from the same mill as the oil
well cement. The effect of the additive on slurry made with high-early-
strength cement was also determined.

It was found that by use of 0,10 to 0.16 per cent by weight of the cement
the desirable properties of the oil well cement were imparted to the modified
eement; The admixture was prepared as a solution and added as the grout was
mixede The added cost for tne admixture was about 7¢ per bbl. Viscosity
was decreased, sefting time increased, .and strength unimpaired. The material
vas successfully used in the field.

The results with high-early-strength cement did not accord with
those with the modified cement. Wiih high-early the admixture caused premature
stiffening and increased viscosity.

A rather extensive series of testst? involving small batches of grout
were made and tested under several conditions for effect on cansistency.
Consistenéy was measured by use of/ttf:;?que neter.

Two mixers were used. One was a small drink mixer, the other was similar

to it bui more vigorous in action. The effects of mixing *ime, addition of
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sand, all of which was finer than the No. 30 sieve, fly ash, several aimix-

tures, special so-called low-solubility cement, and temperature, were observed.

Voluminous tables of data were derived.
Briefly, it was found that fluidity increased with mixing time, Maximunm
fluidity was obtainei after 10 minutes of mixing with the less vigorous mixer
and in 5 minutes with the more vigorous mixer. Increasing water content de-
creased viscosity. The ad2ition of sand without addition of water decreased
fluidity. Increase in temperature decreased fluidity for grouts with low
water-cement + filler (fly ash) ratios; however, at ratios of 0.65 by weight
or more consistency was little affected. The effect of fly ash filler was to
narkedly decrease consistency at a constant water to cement *+ filler ratio as
the amount of filler to cement increased. After one hour mixing grout with
80 per cent fly ash 20 per cent cement wzs about twice as fluid as grout with
100 per cent cement., The admixtures containing lignin compounds appeared to
decrease consistency. The "low-solubility" cement was supposed to behave in
grout without fly ash filler as other cements would with fly ash. At equal
water contents ordinary cement plus fly ash provided grout of lower viscosity
than did the special cement.
d20

Another” investipati. 21,22 peyond that previously describe was made

to find an admixture that when added to modified cement would retard its set
without impairing its strength thus making it behave similarly to a good oil
well cement. Such materisls would be of value in teipering grout to be used
in areas where hot watsr is encountered and in circumstances where it might
be desirable to prolong the setting time.

Twenty~two admixture materials or combinations of materials in several

different proportions were tested for their effect on nominal consistency and
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sstting time of paste, strength of mortar cubes ani viscosity cf cement
slurry containing 40 per cent water.

The most effective and economical materials for the purpose of retarda-
tion without loss of strensth were lignin compounds. Used judiciously they
appeared to impart to modified cement the qualities and characteristics of a

finely ground oil well cement. Se% was definitely prolonged, viscosity de-

creased, and they retalned their retarding action under the conditions of test

up Lo 140 P,

Purther tests were made?3 at the Bureau Laboratory to determine the
effects ofi grouting siurry of adding the admixture composed of calcium ligno-
sulfonate plus triethanolamine and calcium lignosulfonate alone to one normal
cement (type I), 10 modified cements (type II), five high-early~-strensth ce-
mnts (type III), and one low-heat cement (type IV).

It was found that most of the modified cements responded very favorably
to the addition of 0.16 to 0.30 per cent of the lignosulfonate-tristhanolamine
aimixture. The low-neat cement responded faverably. The ncrmal cement becare
flash setting with the combination adrixture, but behaved well with calcium
lignosulfonate alone. Only two of the five high-early-strength cements
responied favorably to the combination admixture. All five respondsd favorably
to calcium ligrnosulfonate alone, but not to as great an extent as the modified
cenents or the normal cement.

The investigation indicated that the combination of triethanolamine and
caleium lignosulfonate should be tried in the latoratory to observe its effect
on the cement selected for use in the field before actual trial on the jol.

3
3 . 3 N -3 4
In order to determine if passage of cement grout through a suitable =mill®
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would cause appreciable reduction in grain size of the cement thus resulting

in a material which would better remain in suspension, ani exhibit batter
flowability (penetration wouli bhe improved if grain size were reduced), tests
were made with a "Charlotte®™ “colloid® mill.

The mill was borrowed from the Coloradc School of Mines and tes.s were
made with clearances between rotor and stator of 0.0030 to 6.0130 in. Slurries
of ethanol and cement were used because in correct proportions they would pro-
duce slurries similar in characteristics to water ang cement, but there would
e no reaction between the ethanol and the cement. Cement suspensions of '
sthanol to cement (ml/g) of C.40 and 0,60 were passed through the mill at
various settings, dried ani the change in fineness of the cement determined by
the Wagnsr turbidimeter.

It was found that the maximum change in fineness with passage through the
mill was about 8 per cent increase in specific surface. Actual grinding was
regligible bacause the closest setting was 0.030 in. (76 microns) which would
only grind material consijerably larger than the 325-wmcsh sisve (44 microns).
¥ost of the increase in fineness must have been due %o dispersion., Subsequent
Passes of the slurry through the mill after the first pass were much less
effectiva than the first pass.,

Flowability was greatly improved and viscosity greatly decrzased by passage
through the mill. Curiously, the rate at which the solids settled from a
clunn of slurry in a test tube was appreciably increased.

“e effects of bentenite on the properties of nzat grout were invesi*,igatedzs‘
through a series of 35 experimental mixtures, in which 2 psr ceni bentonite, by |
weight of the cement wae added dry with the cement to the grout and premixed

With water before adding to the grout. The effects on consistency, settlement,
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strength, and pwnpability were dstermined,

It was found that bentonite thickened the grout at the same water content,

thickening was nGt considered objecticnable at water—cement ratios of

1:1 tc 3:1. Bentonite increased the yield, that is it markedly decreased the
amount the 3olids in the grout settled on standinpg. At equal consistencies
bentonite produced 2 marked reduction in strength., The marximum & hickening
effect was obtained when the bentorite and water were premized. The liie and
alkalies laached from the cemont were helieved to inhikit complete swelling of
the bentonita.

Data ars reported on 104 mixtures?® on which tests ware made to deiermine
the effects on fluidity, sirenpgth, and settlement, of using retarders, dis-
parsing agents, and fillers such as fly ash, pumicite, and bentonite, and

various combi-ations of admixtures and fillers.

fost of the grouis had a water to solids ratio of 1.57 by absolute volume.

The mixtures wers pumped through 250 £t of 1/2-in. pipe with gages along the

rips and the time reguired to discharge 1/2 cu ft of grout from the end of the

lire was observei, The zams pressure was maintained 2t the pump for all grouts.

I was observei that the values for the coefficient of velocity obtained
from the pumpahility <data did not agree witn those obtained with 2 standard
viseosimeter. Tt is halieved that slurries de not behave as true fluids, but

true plastics. A study of the paper by Harold E. Babbit and
David 4, Caldwell, *Laminar Plow of Sludges in Pipe with Special Refersnce to
Sewage Sludge,® University of Illinois Experimen: Station, Bulletin Series
So. 319, November 1939, treats this phenomenon fully and leads to the belief
that the Stormer viscosimeter can © to écmrately predicl

Puipability of nasi grouts.
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In discussing a papsr by Slmoads n contraciion-jeint zrouting of large
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tosts which were made

otigin information needed in Irouiing contraction joints, the results are also

showed that
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#as not always obtained with this small opening, and prossures as high a2t 500
- Pl were requirsd to force (.75 walter-cament ratic grout throygh the jolnt, It

®as Indicated tha! zn opening of sbout 0.008-in. width is the minimum that can

. £t e
ivision, Waterways
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The results of a study performed by the Soil

Imperiment Station, to invesiigate the Feasibility of grouting foundationsands

using redifications of o exdsting grouting procedures, with pariiculiar reference

R

rout.s with new




estlgation consisied of

5 tneory

L

. ot tangd . . t o atame B3t aan
« A laboratory investigalion program, guiled i *hass findines, to

: e s Lvsa: .
dztermine the potentislities of commercizl type IITI portland

riy-strength), scaln2d type III portland corent,

clag cement, ground slag, and calciws acrylate grouis in grouling

i

'l JHH i

foundation sands; to explore the possibilities of improving these-
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tochnigue; and io develop a lantative criterion for predicti:

he

S the success or lack of success that will atiend the grouting of

1. Kollbrunnes30 stated that injecticn of cemeni suspensions is pos-
sible enly al a pere-size diameter larger tran 0.1 mm, and the

lower limit of or=zin size for sands subject fo grouting with

+

cerment is 0.8 mm. The required ‘coefficisnt of perneshility for
. -4
suceeasful cerent grouting of sand is about 100C x 1077 ca per

sec. Kollbrunner slso reporied that an injection can ce success-

iy

$ute
®
[27

filled to capacity with injschion material, and if the depos:
B materials zre compressed by filter:

- ad o
. For this reason, a putp should be employad instea .




°
in injection work ani whan refussl is reaches
should be maintained for 40 to 50 winutes.
MachisSt experimented with cement slurriez and concluzed tha’ no
amount of pressure will malte a coment slurry pess through sands
with grains finer than 0.59 em, fiowever, penetrations in the
order of 3~ or 4-srain ziameters wers obtaiued in sands vi‘h a
prain size of 9.59 mm. Air presware sas used to perfcrn the in-
Jection tests and best resulis were obtaine:. when the pressure
was applied rapidly.
‘!‘erzaghiﬁ reported that fissures with widths less than avcut 0.1
mn cannot be grouted with portland-cement grouts. If the effec-
tive grain size (Dy1g) of a compactad sand is smaller than l.4 mm
or that of a loose sand is smaller than 0.5 mm, the groubt nmerely
displaces the material by lateral compresszion and the result of
the grouting operation consists of compac;t, tree~shaped bodies of
solidified cament separated from each other by layers of sand
with unimpaired permeability.

Laboratory tests were conductud to determine the minimun grain size of
sani that could be successfully grouted with the potential grouts under con-
sideration, and to collect data that might aid in the determination of the
groutability of sands and in the selection of suitable grouts. In order to
efi‘ective\ly evaluate the materials in both phases ¢f teati.g, the following

la’aoratory steps wers carried out, for each specimen, in the order given:

Y permeability determination before grouting, (2) grout injection, (3) moist

G A T

@ring, (4) permeability determination after grouting, and (5) unconfined

waprsssion test (uhen practicable). Five basic grout mixtures, in which the
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gare tosted.

3

tast 3

1.

2.

3.

4,

6,

suils:

coment., sand (grain size), water-cement ratio, and admixture were varied,

The following periinent conclusions were developed from the

Each of the following grouting materials will grout sands with

grain size (Dyp) and sand-grout ratios as indicated:

Sand
Grain Size Sand-Grout Ratio
Grous Dio, ma D15 Sand/Dgs Grout
Scalped type III portland
cezient (< 3049 0,29 18
Commercial type III port~
land cement 0.59 24
Slag coement, 0.67 19
Ground slag 0,31 21

The anticipated low cost of producing cement for field grouting
makes scalped type III portland cement the most prormising poten-
tial grouting agent studied.

A water-cement ratio of 2:1 is near optimum and may be expected
to produce a grout of maximum peneiration and stabilily.

Calcium lignosulfonate did not have a beneficial effect upon
cement grouts.

Grouling with the cements tested is not possible when the sand-
grout ratio (L,g size of sand/Dgg size of grout) is below 1l.
Grouting is possible when the sand-grout ratio is more than 24,
Although additional tests will be required to more closely define
the sand-grout ratio range of groutable material, it appears that

a sand-grout ratio of 19 may represent the limiting sand-grout

ratio.

T ——————

%
%
§§

I

=

B SR AN

il

RS

"

B R R T R




T

S

Pumpability of sanded grouts

Kennedy and Folatty,33 in 1955, reported the results of the first phase

of a comprehensive study of sanded grouts. In this phase, punpability tests
wore made of cament grouts that included chewricals and mineral fines. Lab-
oratory- and field-type mixing and pumping equipment were used in deternining
the amount of natural sand passing a No. 16 sieve that can be added with
certain chemical admixtures and finely ground mineral fillers to portland-

cement grout without injuring its punpability. This information was sought

TR

vecause it is frequently desirable, from an economic as well as a structural

1

PR

standpoint, to use a cheaper material than neat cement in grouting foundation

cavities.

The pumping tests were made with cement, sand, and water in combination
with various admixtures. The admixtures tested were a commercial fluidifying
admixture, diatomite, methocellulose, bentonite, calcium chloride, caleium
lignosulfonate, and sucrose. Other iests to determine the effects of prolonged :
purping and mixing on sand-carrying capacity of grout containing an inert
material substituied for cement were made with fly ash. Laboratory tesis were
made on small baiches of cement-sand grout to determine the approximate water

requirements and bleeding that might be expected with various ratios of cement-

il

B kel

AT,

i

to-sand at a relatively constant consistency. The consistency of the grout

¥as measured by means of a torque consisiency meter ani a Stormer viscosimetere

it

Compressive strength and time of set were determined on grout that. had the
longest, punpability record for each comtination,

General conclusions based on the results of the tests were:

R A R

1. 1% is feasible to pump sanded grouts.

i

iy
i

2. Two parts of ordinary concrete sand after passing through the

Wbt

!
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No. 16 sieve to one part of cement can be pumped without the

aid of admixtures at normal temperature.

Bleeding did not correlate with pumpability.

Pumping technique was of utmost iuportance. Sudden application
of pressure after interruption in purping and before good flow
was re-established resulted in obsiruction in the lines.

The age of the grout (the length of time it had been mixed and
punped) had an effect on its pumpability; the older the grout,
the more sand it could carry and still remain pumpable. Visually
it appe=red that the older the grout, the more unctuous and
nomogensous it became and the better it pumped. However, the
grout stiffened with age and required addition of water to main-
tain original consistencye.

The temperature of grouts containing portland cement apparently
influenced their sand-carrying capacity. The higher the tempera-
ture, the more sand they carried.

-

The grout fluidifying admixture and methocellulose increased the

sand-carrying capacity of the grouts to a small axtent, diato-
; 4

mite to a greater extent, and bentonite to a very great extent;
however, the use of more than 10 per cent bentonite permitted
*ncorporation of such a large amount of sand that practically no
strength resuited.

The use of calcium chloride had little or no effect on the sand-

carrying capacity of the groutse. Galcium chloride acceierated

the set and had a beneficial effect on the early strength.




The influence of sand grading and addiiion of mineral fines on the punp-

ability of cement grout was investigated Guring the second phase of the sanded
grou* investigation progran, and the results were reported by Polatty¥ in
October 1955, The zeconl phase also included iwo series of bLests to determine
the maximun amount of sand that could be pumped in a sand-cement grout using
sanis of six different gradations. In the first test series, five percentages
of sand, from O to 25 per cent, passing ths No. 100 sieve were studied; 1*: the
second series, a sand deficient in malerial passing the Yo, 100 sieve was used
and the effect of adding increments of {inely divided mineral fillers, such as
diatorite, fly ash, pumicite, ani loess, was determined. Mineral fillers were
ac.‘.ded in incremenis that varied up to an amouni equaling the weight of the
ceent .

Test results indicated that an increase in the amount of sand passing the
Nes 100 sieve from O to 23 per cent pemmitted the ratio of sand to cement in
pumpzble grout to be increased from 2:1 to 3:1 by weight. However, the water-
cerent’ ratio with the added fines increased from 0.63 to 0.87 by weight, while
the 28-day compressive sirength dropped from 3505 psi to 2120 psi.

The following conclusions were developed from the resulis ol tests per-
foried during this phase of the investigation.

1. Ordinary concrete sand scalped over a No. 16 sieve can be suc-

cessfully used for grouting purposes.

2. When the sani is deficient in materisl passing the No. 100 sieve
- (nominal %), grouts with a ratio ¢f one part portland cerent

L

to two parts of sand can be successfully pumped without the use

of an admixture.

3. When the sand is deficient in material passing the No. 100 sieve,
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the addition of finely divided mineral admixtures incresses the

sand-carrying capacity of the grout,

) ) . . tested
Diatomite, the firest of the admixiures/and lowest

A

in specific

i

gravity, was the most effective in ircreasing <he amount of

cani that ~an b¢ used in a grout; loess, the coarsest and hizhest

M

in specific gravity, was the leasi effective.
Ho correlalion was apparent ztween the tleeding ani the pump-

ability. The tieeding increased with the sddition of fine sand

[ R A

andd was reduced with the addition of diatomitec. The addition of

il

fly ash, pumicite, and loess did not appreciably affect the-
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blesding.
In cach of the series of mixtures, the water unit regquirement

increased with addition of fine material to maintain a constant

Ll P R it W

consistency and the relative cement content actually decreassd,

W

resulting in o decrease in the compressive strength of the grouts.

A third phase of the investigation, to determine the influence of grading

and specific gravity of manufactured sands on pumpability of grouts, was re-

ported by Polatty3d in February 1957. In addition to delermining the maximunm
awunt. of manufactured limestone and traprock sands thal could be incorporaled
in a punpable groul, an attempt was made to evaluate Lhe mixing properties of

a high-speed mixer.

f

L e TP e e

i

The grouts used in ths pumping tests of this phass coneisted of the fol-

loving combinations of materizls:

i

i

1. Cement, water, and limestone sands of three gradings, nowinal

0, 10, and 25 per cent finer than the No. 100 sieve size.

. » g =
2. Cament, water, and limestone sand, none of which was [iner than




Lhe Ke. 100 sieve Y ion of abp!‘oﬁ.mate}_y ll,

{1y ash and loess based

! raprock sand was substituted for imestone sand,
The tests of grout mixtures contain. | lin showed that (1) an

inerease in the amcunt of can than the Ne. 100 sieve s

p

the sand-carrying capacity of the mi
ash or loess were added t
finer than the Nc. 100 siove size, the sand-carrying ¢ .

increased.

increase in the percentage of iraprock sand finer than the ¥o. 100 sieve size

jesulted in an iucreass in tle total asount of sand that could be used

rumpable grout, and (2) Lhe addition of fly ash to lthe treprock sand Wik
sentially no material finer than the No. 100 sieve

lar to those oblained he limesione sand-fly ash tesis.

Upon examination of the punping test resulis, it was noted thal ike in-

resse in sand-carrying capacity of grouts incorporating traprock was relaiively

2 v v

szall compared to Shat of the grouts made with l.mesion

traprock finer than the No. 100 sieve was not as effective in promoting purp-

ility as the limestone sand. It was found possible o purp 1.75 parys of

* s v} . £y 2
both lizestone end traprock sand to 1.0 part of cement by weignt when the sand

S : s and 1o of line~
wntained no material finer than the Ho. 100 sieve size, and 7 parit OL e

. . a5
stone sand or 2.25 parts of traprock sand to 1.0 part cement when 25 per cent

of either sand was finer than the No. 100 sieve size.
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sixar was compared wilh grouts prepared in a paddle mixer.

+ was found that the addition of fly ash or diatomite had about the same
offecs as the addition of cement or other equally fine material. I{ wa$ found
possible to pump three paris of sand to one pert of cement if the grout also

contained 11 per ceni fly ash by weight of the cement. With the sane arount of

diatomite 4.5 parts of sand to 1 of cement could be pumped. With grout con-
taining 1 part of cemen: and 1 part of [ly ash, 7 parts of sand could be puiped.
#ith the same amount of diatomite 12 parts of sand could be purped.

The pwspability and other characteristics of grouts of similar ingredi-
ants and proporiions were similar whether mixed by the high-speed or padile
Aixers

Pressure grouting of fine lissures

In October 1956, Cook and Kem1edy37 reported an investigation involving
several tests and procedures for pressure grouting fine fissures. The purpose
of the progran was to obtain information on the degree Lo which the penetration
of fine fissures by grout is influenced by surface texture of the sea:, pumping

pressure, water-cement ratio, chemical fluidifiers, and finely divided mineral

adiitives. IL ~vas also desired to determine the eifect £ theze factors on the

quality of the hardened grout films.

The study was conducted in three stages:

1. The first stage furnished data on the lowest water-cemeni ratlo

groui that could be pumpsd through fissures of 0,01-, 0.02-, and

0.03~in. thickness at 100-psi pressure, using standard fieli
P ’

equipment and methods and the followiny grout mixtures: (2) neat

cement, (L) cement plus fly ash, (c) cement plus fly ash plus

a grouting aid.. A study of consistency, bleeding characteristics,




The following conclusions were Jerived from a stuiy of the test data:

1. Sanis manufactured from limestone and iraprock can be success-
fully used in sanded grouis.

2. The specific gravity of the sands within the range tested had
little or no effect on the pumping characteristics of the groul.

3 fly ash and loess were effective in proroving pumpabi l.’sv
when used with sands deficient in material finer than the No. 100
sicve size.

4o The limestone fines used in these tesis, hou;:h havin; somewnat
lower specific surface values than fly ash or loess, were pound
for poun! more efficient in promoting puapatility than the [ly
ash or loess.

5. Traprock fines, oveing relatively coarse, were not as efficient as
£fly ash or loess and were much less efficient than limestone in
:'mcreasings sand-carrying capacitye

6. tting time of the grout appeared {0 be lengthened siightly oy

dition of fly ash ani loess.

7. Compressive strength varied with water content but that of the

i 7 mixtures containing {ly ash was slightly higher at 28 dayse
‘
| 8. Bleeding was minor for all the mixtures
9. The resulis of tests for the evaluation of the high-speeld wmixer
~#ere inconclusive.
A fourth phase of an investigation of sanded froutc was reported by

Pﬂat*«ym in Octover 1958, The pumpability of grout with linestone sand was

: (a1 i 2 of £y ash or diatomit
investigated when additional fine material in the fora of fly ash or diatomiie

pared in the hizh-speed

uas added Lo the mixture. The pumpatility of grouts pre

A1 A oy

b

S ———————. A ———




[

an? setling times of the various grouts was aiso made. ter the

grouting tests were completed, chenical and retrographic examina-

tions of bieed water and solii resiiues from some of the high
water-cerent ratio grouts, and further tleeding iests were nhads.
The seccnd stage provided inforuation on grou pereiration oi~
tainad av pumping pressures of 25 and 50 psi using the three grout
mixtures of the first stage and an additional mixture containing
ment plus the grouting aid. Tesis were also made of neat-cenment
grout plus calcium lignosulfonate pumped at 25, 50, and 10C psi,
and of neat-ceueni groui plus a grouting aid pumped at 100 psi.
The third stage consisited of pumping tests (through a 0.03-in.

crack) at 50 psi of the following seven grouts: (a) nzat cement,

{b) cement plus fly ash, (c) cement plus calcium lignosulfonate, .

Y
(3
~

plus slag, (i) cement plus puricite, and (z) cement plus caléined

]

-
1

cement plus fly ash plus calciwa lignosulfonate, (e) cement

S

opalins shale. Stzse three also included tests fer consistency,
the
bleeding, setting time, quality, ani/solubility in distilled

water of hardened grou: filns.

Ninety-saven pumping tests were conducted. The following conclusiors were
5 pusiping Le

3 S ) 2 3 * 3 1] x
~3%2d on tha data derived from the tesiss

The surface texture of u fissure has a distinct influsnce on the

11 it. The smoother the

e
tde

thidkness of grout that can be use’ to f

s . s 3 +
curface the lower ihe water-cenent ratio can ve of grout that

will peneirate the fissure.

. - 2 3 - +
The maximum grain size of the solids in the grout. determines the

- . ~s a1 3 ad +io of fissure
minimwn width of fissure that can be grouiec. The ratio i

o

ey




4.

widih to grain size should probably be three or more
r more.

T Fad
ine use ol such materials as the groutinr aid or calcium 1

sulfonate increases the fluidit ty of prouts to s

5, -~

by promoting peneiration of a given crack wiih prouts of

2]

without them. Eleeding can be reduced somewhat and setling L3

increased by use of these materials.

I. is inpracticable to squaeve Lhe excess wale» from a thin grout,

so as to leave a dense, hard filler in the cavity,

&

Lhe pres—-

sures used in this progran.

Bleeding largely prevents boniing of the grouting material to the

upper surface of the fissure.

The use of finely ground mineral admixiures such as granulated
lasi-furnace slag, pusicile, and opaiine shale can reduce the
tleeding of a grout and greally improve the continuity and ap-

pearance of the hardensd groul [ilm.

Lightly lower waler-cement ratio ihan sould ve used successfully

The soZubility of a grout filw is influence 2d by the water-cement

ratio and composition of the film, and l2nzth of curing. Certain

aineral admixtures can be used to reduce the amount of ieaching

that a grout {il: undergoes.

X

4 straighi-line presasure gradient occurs along a fissure t
grouted only if the fissure is of sufficient widih.

=

Neat-cement grout with a water-cement ratic of 0.43 psnetrated

the 0.03 in. wide fissure at 25 psi, but it was necessary to in-

crease the water-cament ratio to 2.67 before neat grout would

penetrate the 0.0l in. wide fissure at the same pressure.

i
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